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SUMMARY 
THE RAINFALL and flood deficits during 1980–86 changed the floristic composition and 
biomass production of eragrostis and vetiveria grasslands in the Niger floodplain in central Mali. 
Low residual soil moisture limited growth, thereby influencing seed production. The dominant 
perennial species regressed or disappeared, giving way to unpalatable annual grass species, 
some bushes and termite mounds. Dry-season forage production on the grasslands decreased, 
resulting in lower stocking capacity while livestock herds were increasing. Following the 1983/4 
drought, cultivation pressure in the Niger floodplain also increased as rice-growing farmers 
moved into the lower foodplain traditionally used for livestock production. 
INTRODUCTION 
The grasslands in the Niger floodplain play an important part in livestock production in central 
Mali. They are grazed extensively during the dry season (November–May); in early June, the 
herds start the trek to the wet-season pastures in the Sahel, and return to the floodplain in 
October. From October to March, they gradually drift from its southern fringes northward into the 
elevated plains, where they remain until early June. They then fan out in search of forage before 
beginning another journey to the rainfed pastures. 
The low rainfall in central Mali during 1980–86 caused flood deficits, which in turn affected the 
floristic composition of the floodplain grasslands. This led to lower primary production and, 
consequently, lower carrying capacity. The extent of the ensuing catastrophe is illustrated by 
using as examples grasslands dominated by the perennial grasses Vetiveria 
nigritiana and Eragrostis barteri. 
METHODOLOGY 
Data on plant composition and primary biomass production were analysed. Two sets of data 
were compared: data collected before and immediately after the 1983/84 drought. 
Plant composition 
Ecological profiles of the floodplain grasslands were established during the 1979 survey of 
ILCA's study area in central Mali, using the systematic sample collection method developed by 
the Centre d'etude phytosociologique et écologique (CEPE, Montpellier, France). 
Samples of grass cover were collected over an area of 100 m2, while woody cover was sampled 
over 2.5 ha. These samples were analysed to determine plant composition, overall plant cover, 
cover by species and plant stratification on the study sites. Pastoral and cropping activities were 
also recorded to define land-use type. The vegetation structure of the floodplain grasslands 
before the 1983/84 drought is described by Hiernaux et al (1983). 
Since 1984, the vegetation of the same sites has been monitored under a remote sensing 
programme. Observations of plant cover and species distribution were made over 24 randomly 
selected 1-m2plots along a 1-km long line. 
To determine the stock of viable seed in the upper soil layers, 20 × 20 × 2 cm soil samples were 
taken from each grassland type and transferred to pots where the soil was watered daily. The 
number of seeds that had germinated every 3 days was recorded. 
Biomass production 
Changes in biomass production were monitored by regularly cutting the grass on three, 
replicated 4-m2 plots. The plots were randomly selected within a 1000-m2 enclosure in each 
grassland type, and ground measurements were made both before and after the drought. After 
1984, the biomass was also measured on 24 one-m2 plots randomly distributed along a 1-km 
long strip. 
RESULTS 
Vetiveria grassland 
Before the 1983/84 drought, the vetiveria grassland was dominated by tussock grasses, 
including Vetiveria nigritiana, Sorghum trichopus, Panicum anabaptistum and, 
occasionally, Hyparrhenia exarmata and Panicum fluvicola. The hollows between the large, 
spaced-out tussocks were covered by annuals, chiefly Panicum wallense and Setaria pallide 
fusca (Figure 1). 
Figure 1. The condition of the vetiveria grassland in November 1980, Niger floodplain, central 
Mali. 
 
Maximum biomass (6–8 t DM ha-1) was produced at fructification in October and November. In 
the dry season, production continued through leafy regrowth. Vetiveria grasslands were 
intensively grazed when enough dry-season regrowth was available, usually stimulated by 
burning the previous year's stubble. 
Eragrostis grassland 
Before the drought, the dominant species in this type of grassland was Eragrostis 
barteri, interspersed with tussocks of Hyparrhenia rufa, Paspalum orbiculate, Oriza 
longistaminata and Setaria anceps (Figure 2). Species such as Panicum fluvicola, Andropogon 
africanus, Crotalaria ochroleuca, Brachiaria jubata and Acroceras amplectans occurred rarely. 
Figure 2. The condition of the eragrostis grassland in December 1981, Niger floodplain, central 
Mali. 
 
The range produced maximum biomass (3–6 t DM ha- 1) in October, which was usually utilised 
by transhumant cattle returning from wet-season pastures. Dry-season regrowth after burning 
was grazed by small ruminants. 
THE EFFECT OF DROUGHT ON VEGETATION 
Drought indicators 
Decreased annual rainfall and changing flood regime are the early indicators of drought. 
Although rainfall on the study sites was not recorded, data from neighbouring meteorological 
stations in Djenne and Mopti show that except in 1979 and 1980, annual rainfall during the 
remainder of the study period was considerably lower than the average rainfall over the period 
1930–80 (Table 1). 
Table 1. Annual rainfall at Mopti and Djenne meteorological stations, central Mali, 1979–86. 
Year 
Rainfall (mm) 
Mopti Djenne 
1979 460 525 
1980 625 436 
1981 414 371 
1982 318 379 
1983 462 414 
1984 275 282 
1985 437 539 
1986 450 530 
50-year average to 
1980 
528 574 
Source: Hiernaux and Diarra (1986). 
The flood deficit was even more acute: apart from a slight improvement in 1981, the inundation 
level decreased progressively from 1979to 1984, reaching an all-time low in the second year of 
the drought (Table 2). 
Table 2. Changes in flooding conditions observed on eragrostis and vetiveria grasslands at 
Kara and Kouakrou, central Mali, 1979–84. 
Year 
Eragrostis grassland Vetiveria grassland 
Maximum 
flood height 
(cm) 
Flood 
duration 
(days) 
Maximum 
flood height 
(cm) 
Duration of soil 
moisture1 (days) 
1979 + 40 59 0 90 
1980 0 0 –40 32 
1981 + 25 17 –15 50 
1982 +50 0 –90 14 
1983 –65 0 –100 0 
1984 –170 0 –200 0 
1 To 1-m depth. Since vetiveria develops after the flood has receded, the appropriate 
measurement is the period of soil moisture availability, rather than flood duration. 
Source: Hiernaux and Diarra (1986). 
Plant composition 
A major change in the plant composition of the floodplain grasslands followed the drought: the 
perennials that previously dominated the eragrostis grassland regressed, giving way to annual 
species such as Panicum subalbidum, Setaria pallidefusca, Borreria choetocephala, Borreria 
filifolia, Eragrostis pilosa, and Leptadenia hastata (Figure 3). The vetiveria grassland was 
invaded by Panicum laetum, Panicum subalbidum and Setaria pallide fusca. Most of these 
annual grass species were present in both grassland types before the drought, but they covered 
a considerably smaller area (Table 3). 
Figure 3. Eragrostis grassland invaded by Panieum subalbidum, Niger floodplain, central Mali, 
November 1985. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 3. Changes in vetiveria and eragrostis grasslands by area covered by component, Niger 
floodplain, central Mali, 1979–86. 
Grassland/Component 
Area covered (%) 
1979 1981 1983 1984 1986 
Living vetiveria tussocks 60.0 40.0 20.0 4.6 0.3 
Dead vetiveria tussocks 2.0 5.0 9.0 9.6 4.2 
Annuals 7.0 8.5 10.0 13.6 15.1 
Termites' nests n.a.1 0.5 1.0 1.2 1.3 
Bare ground 33.0 46.0 60.0 71.0 78.9 
Eragrostis grassland 
Eragrostis barteri n.a. 55.0 3.5 3.5 3.1 
Oriza longistaminata n.a. 7.4 7.4 7.4 7.1 
Leptadenia hastata n.a. 0.0 1.0 2.0 3.7 
Annuals n.a. 7.6 15.0 16.1 34.0 
Bare ground n.a 30.0 73.1 70.0 52.1 
1n.a. = not available. 
The negative effect of the 1983/84 drought on the vetiveria grassland was exacerbated by 
increased termite activity after the drought, which was no longer curtailed by regular and 
sufficient flooding. The gradual transformation of verdant grassland into unproductive land is 
depicted in Figures 4 and 5. 
Figure 4. The beginning of degradation on the vetiveria grassland, Niger floodplain, central 
Mali, November 1983. 
 
Figure 5. Severely degraded vetiveria grassland, Niger floodplain, central Mali November 1985. 
 
Seed stock 
The germination trial in 1985 showed that the floodplain soils contained few viable seeds of 
perennial grasses. In the vetiveria pasture, for instance, merely 19 and 32 seeds per m2 of 
grazed range and protected enclosure respectively were likely to germinate; and all were Oriza 
longistaminata (Table 4). 
Table 4. Estimated number of viable seeds per m2 of enclosed and grazed vetiveria pasture, 
Niger flood-plain, central Mali, 1985. 
Grass species  
Number of viable seeds per m2 
Enclosure Grazed range 
Perennial grasses 
Oriza longistaminata 32 19 
Annual grasses 
Setaria pallide- fusca 285 168 
Panicum subalbidum 29 6 
Panicum laetum 0 3 
Sesbania leptocarpa 0 3 
Total for 
annual grasses 
314 177 
In the eragrostis grassland no perennials were observed to germinate (Table 5), indicating a 
highly random dispersal of seed which would make it difficult for the range to regenerate. Thus if 
this grassland is to provide sufficient green fodder for livestock during the dry season in the 
future, regeneration must be stimulated by other means, including seeding of perennials. 
 
 
 
 
 
 
 
 
Table 5. Estimated number of viable seeds per m2 of enclosed and grazed eragrostis pasture, 
Niger floodplain, central Mali, 1985. 
Grass Species  
Number of viable seeds per m2 
Enclosure Grazed range 
Perennial grasses 0 0 
Annual grasses     
Setaria-pallide-fusca 134 3 
Panicum subalbidum 157 122 
Schoenefeldia gracilis 16 0 
Acroceras amplectans 10 0 
Micrococca mercurialis 10 0 
Total for annual grasses 317 125 
For both types of grassland, the number of seeds germinating within the enclosures was higher 
than that in the grazed areas; this suggests that the regeneration of the floodplain grasslands 
may also be hampered by grazing and trampling. 
Biomass production 
The replacement of the perennial herbaceous cover by annual grasses resulted in a sharp 
decline in biomass production, especially on the vetiveria grassland (Table 6). The quality of 
fodder also decreased, since the dry-season regrowth of perennials was substituted with dry 
straw from annuals. 
 
 
 
 
 
 
Table 6. Biomass production on vetiveria and eragrostis grasslands, Niger floodplain, central 
Mali, 1980–82, 1984 and 1986. 
  Biomass (kg DM ha-1) 
1980 1981 1982 1984 1986 
Vetiveria grassland 
Vetiveria nigritiana 6000 7741 1405 126 0 
Annuals n.a.1 n.a. 135 299 250 
Total 6000 7741 1540 425 250 
Eragrostis grassland 
Eragrostis barteri n.a. 5735 4855 0 4 
Oriza longistaminata n.a. 358 198 99 194 
Annuals n.a. n.a. n.a. 2365 714 
Total n.a. 6093 5053 2464 908 
1n.a. = not available. 
Dry-matter production on the eragrostis grassland declined from 6000 kg ha-1 in 1981 to 900 kg 
ha-1 in 1986, an 85% reduction in standing biomass. Whereas in 1981 the grassland supported 
0.8 tropical livestock units (TLU) per hectare for 8 months, its present carrying capacity is only 
0.1 TLU ha-1. The carrying capacity of the vetiveria grassland appears to be even lower, as its 
biomass production declined by 95% over the 1981/86 period. 
The 1983/84 drought also had an impact on grazing and cultivation pressures in the floodplain. 
ILCA's surveys of the livestock population in central Mali in 1981 and 1983 showed that 
livestock herds increased while grazing resources steadily declined, thus increasing the 
pressure on the floodplain pastures. 
The gradually increasing, successive deficits in flood waters compelled rice-growing farmers to 
move to the lowest-lying land in the inundation zone, especially the bourgoutières (pastures on 
deeply submerged plains). Their cropping activities in the inner floodplain encroached on the 
areas traditionally reserved for livestock production, and relationships between farmers and 
stock breeders have deteriorated. 
CONCLUSION 
Inadequate rainfall during 1980–86, coupled with frequent flood deficits, considerably changed 
the plant composition and biomass production on vetiveria and eragrostis grasslands in the 
Niger floodplain of central Mali. Thousands of hectares formerly under perennial cover were 
rendered unproductive by unpalatable annual grass species, Leptadenia hastata bushes and 
termite mounds. The stocking capacity of the grasslands decreased drastically as a result of the 
diminished grazing resources. A suitable programme is urgently needed to regenerate the 
grasslands on which local livestock production depends. 
Unfavourable climatic conditions contributed to increased pressure on land in the inundation 
zone for cropping; intensified cultivation is an additional factor affecting livestock production in 
the zone. 
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